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(54) BASE MATERIAL FOR A HONEYCOMB FILTER AND MANUFACTURING 
METHOD THEREOF 

(57) ABSTRACT 
PURPOSE 

The purpose of this invention is to provide a type of base material for a honeycomb filter, 
characterized by the fact "that it has a high mechanical strength and a high liquid permeability. 

CONSTITUTION 

Base material (22) for a honeycomb filter is made of a porous body with a honeycomb 
structure having multiple cells (23). The 50% particle size (D 5 o) of the aggregate particles that 
forms base material (22) is 40-100 \im; 20-80 wt% of the aggregate particles are spherical 
particles with an aspect ratio of 1.1 or smaller, while the remaining portion is composed of non- 
spherical particles with an aspect ratio of 1.2 times or larger that of the spherical particles. 
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CLAIMS 

1. A type of base material for a honeycomb filter, characterized by the following facts: 
the base material for a honeycomb filter is made of a porous body with a honeycomb 

structure having multiple cells; 

The 50% particle size (D 50 ) of the aggregate particles that form the base material is 40- 
HtOO ym\ 20-80 wt% of the aggregate particles are spherical particles with an aspect ratio of 1.1 
or smaller, while the remaining portion is composed of non-spherical particles with an aspect 
ratio of 1.2 times or larger that of the spherical particles. 

2. The base material for a honeycomb filter described in Claim 1, characterized by the 
fact that the particle size distribution of the aggregate particles satisfies the following 
relationships (1) and (2): 

0.7xD 50 <D 2 o (1) 
D 80 <1.3xD 5 o (2) 
(where D 2 q: 20% particle size, D 50 : 50% particle size, D 8 q: 80% particle size) 
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3. A type of base material for a honeycomb filter characterized by the following facts: 
the base material for a honeycomb filter is made of a porous body having a honeycomb 

structure with multiple cells; 

The 50% pore size (d 50 ) is 5-25 [im; and the pore size distribution measured using the 
mercury press-in method satisfies following relationships (3) and (4). 

0.75xd 5 o<d 2 o (3) 

dgo<1.25xd 5 o (4) 
(where d 2 o: 20% pore size, d 5 o: 50% pore size, and d 8 o: 80% pore size). 

4. A method for manufacturing base material for a honeycomb filter, characterized by the 
following facts: 

in this method for manufacturing base material for a honeycomb filter, there is a step in 
which a composition containing aggregate particles is extruded from nozzle having a shape 
complementary to that of the honeycomb structure for molding; 

in this operation, the composition is prepared from aggregate particles with the following 
feature: the proportion of spherical particles with a 50% particle size (D 5 o) of 40-100 \im and 
with an aspect ratio of 1.1 or smaller is 20-80 wt%, and the remaining portion is composed of 
non-spherical particles with an aspect ratio 1.2 times or larger that of said spherical particles. 

5. The method for manufacturing base material for a honeycomb filter described in Claim 
4, characterized by the fact that the spherical particles are prepared by the spray drying method. 

6. The method for manufacturing base material for a honeycomb filter described in Claim 
4 or 5, characterized by the fact that the particle size distribution of the aggregate particles for 
preparing the composition satisfies the following relationships (1) and (2): 

0.7xD 5 o<D 2 o (1) 
D 8 o<1.3xD 5 o (2) 
(where D 2 o: 20% particle size, D 5 o: 50% particle size, D 80 : 80% particle size). 

7. The base material for a honeycomb filter described in any of Claims 1-3, characterized 
--fey the fact that on the inner peripheral surface of the cells of the base material for a honeycomb 

filter, there is at least one layer of filtering film having a 50% pore size smaller than that of the 
inner peripheral surface of the cells. 
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DETAILED EXPLANATION OF THE INVENTION 

[0001] 

TECHNICAL FIELD OF THE INVENTION 

This invention pertains to a type of base material for a honeycomb filter made of a porous 
body with a honeycomb structure having multiple cells. More specifically, this invention pertains 
to a type of base material for a honeycomb filter characterized by the fact that it has a high 
mechanical strength and a high fluid permeability. 

[0002] 

PRIOR ART 

For a honeycomb filter, such as the filter having base material (22) made of a porous 
body with a honeycomb structure having multiple cells (23) shown in Figure 1, gas, liquid or 
other fluid for processing fed to multiple cells (23) permeates through the pores of the porous 
body for filtering. Consequently, the filtering area per unit volume is large. These filters are thus 
widely used as dust collecting filters, solid-liquid separating filters, etc. 

[0003] 

For example, filter (21) has a structure in which the filter is accommodated in a housing, 
and the outer peripheral surface side and end surface side of base material (22) are gas-tightly 
isolated by means of O-rings, etc. In this structure, in the fluid under processing and fed to cells 
(23), only the filtered fluid that passes through pores of the base material can flow out from the 
outer peripheral surface side, and the fluid under processing that is not filtered is recovered from 
the end surface side in this cross-flow filter. 

[0004] 

— For the honeycomb filter, the structure has at least one layer of filtering film with a pore 
size (0.01-1.0 |xm) that is even smaller than that of the pore size of the pores of the base material 
on the inner peripheral surface of cells (23), with it being ideal that the structure have a pore size 
of the inner portion of the base material that is as large as possible. In this structure, due to the 
filtering film with a small pore size, the filtering performance is ensured. On the other hand, 
when the pore size is large (about 1 to more than 100 pirn), the base material has a low flow 
resistance with respect to the interior. Consequently, the fluid permeability can be expected to 
increase. 
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[0005] 

Usually, the base material for a honeycomb filter is manufactured using a molding 
method in which a composition containing aggregate particles is extruded from nozzle having a 
shape complementary to that of the honeycomb structure. In the prior art, there are several 
methods for forming a base material with a large pore size, such as [1] a method in which the 
particle size of aggregate particles is increased to have larger pores as gaps among aggregate 
particles (hereinafter referred to as "first method") and [2] a method in which the organic 
substances (pitch, coke, etc.) that are bumed off during sintering of the base material are added 
to the composition so as to form gaps and to have pores larger than those formed in the other 
methods (hereinafter referred to as "second method"). 



[0006] 

PROBLEMS TO BE SOLVED BY THE INVENTION 

However, for said first method, the obtained base material fails to have a sufficient 
mechanical strength for use as a filter. More specifically, in the film forming step of the 
operation for manufacturing the filter film on the inner peripheral surface of cells of the base 
material, damage due to handling leads to a lower yield of products or, when the filter is in use, 
damage may occur under the pressure of a back-flow cleaning operation, which is undesired. 

[0007] 

On the other hand, for said second method, it is hard to increase the pore size and to 
increase the water permeability. In addition, when the base material is sintered, the organic 
substances are rapidly bumed off. Consequently, cracks occur under thermal impact. 



[0008] 

Consequently, in the prior art, there is yet no base material for a honeycomb filter with a 
-fcigh mechanical strength and a high fluid permeability. There is a high demand on the 
development of such a base material for a honeycomb filter. The purpose of this invention is to 
solve the aforementioned problems of the conventional methods by providing a type of base 
material for a honeycomb filter with a high mechanical strength and high liquid permeability. 



[0009] 

MEANS TO SOLVE THE PROBLEMS 

In order to solve the aforementioned problems, the present inventors have performed 
extensive research. As a result of this research work, it was found that by controlling the 50% 
particle size of the aggregate particles to form the base material and the mass proportion of the 
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spherical particles within prescribed ranges, respectively, the problems of the prior art can be 
solved. As a result, this invention was reached. 

[0010] 

That is, this invention provides a type of base material for a honeycomb filter 
characterized by the following facts: the base material for a honeycomb filter is made of a porous 
body with a honeycomb structure having multiple cells; the 50% particle size (D 5 o) of the 
aggregate particles that form the base material is 40-100 jxm; 20-80 wt% of the aggregate 
particles are spherical particles with an aspect ratio of 1.1 or smaller, while the remaining portion 
is composed of non-spherical particles with an aspect ratio of 1.2 times or larger that of the 
spherical particles. 

[0011] 

The particle size distribution of the aggregate particles preferably satisfies the following 
relationships (1) and (2). 

0.7xD 5 o<D 2 o (1) 
D 8 o<1.3xD 5 o (2) 
(where D 2 o: 20% particle size, D50: 50% particle size, Dgo: 80% particle size). 

[0012] 

Also, this invention provides a type of base material for a honeycomb filter characterized 
by the following facts: the base material for a honeycomb filter is made of a porous body having 
a honeycomb structure with multiple cells; the 50% pore size (d 50 ) is 5-25 fim; and the pore size 
distribution measured using the mercury press-in method satisfies following relationships (3) and 
(4). 

0.75xd 5 o<d 2 o (3) 
- d 80 <1.25xd 5 o (4) 

(where d 2 o: 20% pore size, d 50 : 50% pore size, and d 8 o: 80% pore size). 

[0013] 

In addition, this invention provides a method for manufacturing base material for a 
honeycomb filter characterized by the following facts: in this method for manufacturing base 
material for a honeycomb filter, there is a step in which a composition containing aggregate 
particles is extruded from nozzle having a shape complementary to that of the honeycomb 
structure for molding; in this operation, the composition is prepared from aggregate particles 
with the following feature: the proportion of spherical particles with a 50% particle size (D 50 ) of 
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40-100 nm and with an aspect ratio of 1.1 or smaller is 20-80 wt%, and the remaining portion is 
composed of non-spherical particles with an aspect ratio 1.2 times or larger that of said spherical 
particles. 

[0014] 

For the method used to manufacture base material for a honeycomb filter in this 
invention, the spherical particles are preferably prepared by the spray drying method, and the 
particle size distribution of the aggregate particles for preparing the composition preferably 
satisfies the following relationships (1) and (2): 

0.7xD 5 o<D 20 (1) 

D 8 o<1.3xD 5 o (2) 
(where D 2 o: 20% particle size, D 5 o: 50% particle size, D 80 : 80% particle size). 

[0015] 

In addition, this invention provides a type of base material for a honeycomb filter 
characterized by the fact that on the inner peripheral surface of the cells of the base material for a 
honeycomb filter, there is at least one layer of filtering film having a 50% pore size smaller than 
that of the inner peripheral surface of the cells. 

[0016] 

EMBODIMENT OF THE INVENTION 

For the base material used for a honeycomb filter of this invention, the 50% particle size 
of the aggregate particles that form the base material and the weight proportion of the spherical 
particles are controlled within prescribed ranges, respectively. For the base material for a 
honeycomb filter in this invention, the mechanical strength is high and the fluid permeability is 
high. In the following, this invention will be explained in more detail. 

[0017] 

(1) BASE MATERIAL 

For the base material for a honeycomb filter (hereinafter referred to as "base material") in 
this invention, among the aggregate particles, at least one type of aggregate particles are 
spherical particles having an aspect ratio of LI or smaller. Using such spherical particles as 
aggregate particles, even after sintering of the base material, gaps (that is, pores) are reliably 
formed among the aggregate particles, and the fluid permeability can be increased. More 
specifically, by having a proportion of said spherical particles in the aggregate particles of 20% 
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or higher, the fluid permeability is increased, and the fine structure inside the base material 
becomes more uniform. 

[0018] 

However, if all of the aggregate particles that form the base material are said spherical 
particles, bonding between the aggregate particles becomes weaker, and the mechanical strength 
of the base material decreases. Consequently, in addition to the aforementioned requirement that 
the proportion of the spherical particles among aggregate particles be 20 wt% or more, there 
should be an upper limit set at 80 wt%. 

[0019] 

Among the aggregate particles, the remaining portion in addition to the spherical particles 
is made of non-spherical particles with an aspect ratio 1.2 times or more than that of said 
spherical particles. That is, when spherical particles having an aspect ratio of 1.0 are used, the 
non-spherical particles should have an aspect ratio of 1.2 or larger. When spherical particles 
having an aspect ratio of 1.1 are used, the non-spherical particles should have an aspect ratio of 
1.32 or larger. Although the non-spherical particles are undesired from the viewpoint of the 
increase in the fluid permeability, they nevertheless have the effect of strengthening bonds 
between the aggregate particles, so that they act to increase the mechanical strength of the base 
material. 

[0020] 

In this invention, "aspect ratio" is defined as the average value of the aspect ratio (ratio of 
longer edge to shorter edge) of 20 aggregate particles randomly selected from a microgram taken 
for a powder sample on a scanning electron microscope, or the average value of the aspect ratio 
calculated in the same way for the plane prepared by coating a resin (such as an epoxy resin) on 
-the cut plane of a sintered body to bury holes, followed by finishing to a mirror-surface quality. 

[0021] 

For the spherical particles and non-spherical particles, in addition to the aforementioned 
requirement on the aspect ratio, it is also necessary for the 50% particle size (D50) to be in a 
prescribed range, or specifically in the range of 40-100 \xm. If the 50% particle size (D50) is 
smaller than 40 pirn, the fluid permeability decreases. On the other hand, if it is larger than 100 
jim, the mechanical strength of the base material decreases. This is undesirable as well. Also, by 
having a 50% particle size (D 50 ) of 40-100 jum, it is possible to control the 50% pore size (d 50 ) of 
the base material in the range of 5-25 \im (measured using the mercury press-in method). 



3-2815 



9 



[0022] 

Also, according to this invention, "x% particle size" refers to the particle size measured 
using the sieve separating method in the powder state. More specifically, multiple sieves with 
different nominal opening sizes are stacked, with sieves having a larger opening set higher. A 
powder sample as the object for measurement of the particle size is poured on the uppermost 
sieve. After shaking with a machine for 15 min, from the relationship between the mass of 
powder on each sieve and the opening size of the sieve, a particle size distribution curve is 
drawn, and the particle size with an integrated mass of x% is defined as the x% particle size. 

[0023] 

For the spherical particles and non-spherical particles, in addition to the aforementioned 
requirement on the proportion of spherical particles and 50% particle size (D 50 ), it is necessary 
that the particle size distribution be controlled to within a prescribed range. More specifically, it 
is preferred that following relationships (1) and (2) be met. 

0.7xD S o<D 2 o (1) 

D 80 <1.3xD 5 o (2) 
(where D 2 o: 20% particle size, D 50 : 50% particle size, D 80 : 80% particle size) 

[0024] 

When said relationships (1) and (2) are satisfied for the particle size distribution of the 
aggregate particles, the base material's pore size distribution is sharp. More specifically, the pore 
size distribution measured using the mercury press-in method is controlled to within the range 
defined by following relationships (3) and (4) for the base material. 

0.75xd 50 <d2o (3) 

d 8 o<1.25xd 5 o (4) 
(where d 2 o'- 20% pore size, d 50 : 50% pore size, d 80 : 80% pore size). 

[0025] 

On the other hand, when said relationship (1) is not satisfied, the amount of the fine 
particles becomes larger, so that gaps among the aggregate particles of the base material are 
clogged, and the fluid permeability tends to decrease. Also, when said relationship (2) is not 
satisfied, the gap between aggregate particles becomes larger. However, in the film 
manufacturing process, the slurry for forming the film enters the gap to clog it. Consequently, the 
fluid permeability of the filter may still decrease. 
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[0026] 

According to this invention, "x% pore size" refers to the pore size measured using the 
mercury press-in method with its principle based on following relationship (5). More 
specifically, for a dry base material, while the pressure is slowly increased, mercury is pressed 
in. As mercury is sequentially pressed into pores with a larger size, then into pores with a smaller 
size, the accumulation volume of mercury increases. Finally, all of the pores are filled with 
mercury, and the accumulation volume reaches equilibrium. According to this invention, pore 
size d calculated from pressure P when the accumulation volume becomes x% is defined as x% 
pore size. 

d = -y x cosG / P (5) 
(where d: pore size, y: surface tension, 0: contact angle, P: pressure) 

[0027] 

(2) MANUFACTURING METHOD 

The base material for a honeycomb filter is prepared by extruding a composition 
containing aggregate particles from a nozzle having a shape complementary to that of the 
honeycomb structure for molding, followed by drying and sintering of the molding. When the 
base material of this invention is manufactured, as the composition is prepared, aggregate 
particles with the aspect ratio, 50% particle size, and particle size distribution within said ranges 
are used. 

[0028] 

That is, a composition is prepared from aggregate particles, which have the following 
features: 50% particle size (D50) of 40-100 |Lim, 20-80 wt% of the aggregate particles are 
spherical particles with an aspect ratio of 1.1 or smaller, while the remaining portion is 
composed of non-spherical particles with an aspect ratio of 1.2 times or larger that of the 
-spherical particles. When the pore size distribution of the base material has to be sharp, the 
particle size distribution of the aggregate particles should satisfy the following relationships (1) 
and (2). 

0.7xD 5 o<D 2 o (1) 
D 8 o<1.3xD 50 (2) 
(where D20*. 20% particle size, D50: 50% particle size, Dgo: 80% particle size). 

[0029] 

An example of the method for preparing it is as follows: Commercially available ceramic 
feed materials are used as aggregate particles either directly or after crushing and classification; 
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two or more types of aggregate particles are mixed appropriately to meet the aforementioned 
conditions. 

[0030] 

In the manufacturing method in this invention, it is preferred that the spherical particles 
be prepared using the spray drying method. Also, spherical particles may be prepared by 
crushing and mixing using a crusher and a blender (ball mill, etc.). On the other hand, using the 
spray drying method, in which a liquid feed material is granulated and dried using a spray drier, 
followed by sintering, it is relatively easy to obtain spherical particles with an aspect ratio of 1.1 
or smaller. Also, because the particles prepared using the spray drying method have a smoother 
surface than that of the particles prepared by crushing, they do not harm the extrusion molding 
nozzle, so that the lifetime of the nozzle can be prolonged by about 10 times. 

[0031] 

The manufacturing method in this invention may be the same as the conventional 
manufacturing method, except that when the composition is prepared, the 50% particle size and 
the particle size distribution of the aggregate particles should be controlled to within prescribed 
ranges. 

[0032] 

In addition to aggregate particles, the composition also contains a dispersing medium, 
organic binder, and, as needed, an inorganic binder, surfactant, plasticizer, etc. These 
components are mixed and blended to form a feed material for molding. 

[0033] 

Examples of aggregate particles include alumina, mullite, Scherben [transliteration], 
-eordierite, and silicon carbide, as well as their mixtures. Examples of dispersing agents include 
water, etc. Examples of organic binders include methylcellulose, etc. 

[0034] 

The inorganic binder is an additive for strengthening bonds among aggregate particles. 
Examples include the following particles with a particle size of 1 urn or smaller: alumina, silica, 
zirconia, titania, glass frit, feldspar, and eordierite, which may be used either alone or as a 
mixture of several types. Also, although an inorganic binder is a type of ceramic particle, it is not 
included in the aggregate particles in this invention. 
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[0035] 

The amount of the inorganic binder added with respect to 100 wt% of the weight of the 
aggregate particles is preferably in the range of 15-35 wt%. If the amount is less than 15 wt%, 
the strength of the base material decreases. On the other hand, if the amount is over 35 wt%, 
although a sufficient strength is realized, the gaps among the aggregate particles are nevertheless 
filled with the inorganic binder, so that pores in the base material are clogged, leading to a 
decrease in the fluid permeability. 

[0036] 

The composition is extrusion molded to a prescribed shape, followed by drying and 
sintering to manufacture a base material of the honeycomb structure. For example, the 
composition may be loaded in a mono axial, biaxial, or multi axial screw extruder or plunger 
extruder, or some other conventional extruder, and it is extruded from a nozzle having a shape 
complementary to that of the honeycomb structure of the base material used to form a molding. 

[0037] 

Depending on the shape of the nozzle, it is possible to select the desired shape for the end 
surface (circular, square, rectangular, hexagonal, etc.), outer diameter of the end surface (30-200 
mm 0 for the circular shape), diameter of the inscribed circle (usually in the range of 2-5 mm 0), 
etc., of the base material. There is no special limitation on the size of the base material. Usually, 
the total length in the longitudinal direction is about 150-2000 mm. 

[0038] 

(3) FILTER 

After attaching a slurry containing aggregate particles for forming a film on the inner 
peripheral surface of the cells of said base material, the film-formed body is dried and sintered to 
-form a filtering film. In this way, a honeycomb filter can be obtained. 

[0039] 

For example, using a conventional method, such as the dipping film forming method, or 
the filtering film forming method described in Japanese Kokoku Patent Application No. Sho 
63[1988]-66566 that has been disclosed by the present patent applicant, a film forming slurry 
prepared by dispersing aggregate particles in water or some other dispersing medium, with an 
organic binder, pH adjusting agent, surfactant, etc., added as needed, is applied to form a film on 
the inner peripheral surface of cells, followed by drying and high-temperature sintering at about 
1300°C for the film-formed body to form a filter. The types of aggregate particles, dispersing 
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medium, and organic binder used in this case may be the same as those for preparing the base 
material. However, in order to reduce the pore size of the filtering film, usually, the 50% particle 
size of the aggregate particles is smaller than that of the base material. 

[0040] 

Also, with the same purpose as that for the base material, the film forming slurry may 
also contain an inorganic binder. For the filtering film, the ingredient binders that may be used 
include the following types of particles with a particle size of 1 urn or smaller: clay, kaolin, 
titania sol, silica sol, glass frit, etc. The total weight of the aggregate particles and inorganic 
binder among the total weight is preferably 5-25 wt%. 

[0041] 

Also, it is necessary to form at least one layer of the filtering film. However, it is also 
possible to form two or more laminated layers. 

[0042] 

APPLICATION EXAMPLES 

In the following, this invention will be explained in detail with reference to application 
examples. However, this invention is not limited to these application examples. 

[0043] 

As ceramic feed material for the aggregate particles of the base material, alumina (Al- 
A6), mullite (M1-M3), and Scherben (SI), with compositions and aspect ratios listed in Table 1 
were used. These feed materials were mixed in proportions listed in Tables 2-3 to form aggregate 
particles. 

-40044] 

Also, for A3 and Ml, after the feed material was prepared in liquid form, a spray dryer 
was used for granulation and drying, followed by sintering to form [particles] with an aspect 
ratio of 1.1 or smaller. 
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[0045] 
[Table 1 



Symbol 


Type 


Particle size distribution 


Aspect ratio 




D50 x 0.7 


D20 


D50 


D80 


D50 x 1.3 


Average 


Particle with 






/xm 


/xm 


/xm 


/xm 


/xm 


value 


[aspect ratio] of 


















1.1 or smaller 

% 


Al 


Alumina 


60 


62 


85 


106 


111 


1.8 


0 


A2 | 




49 


55 


70 


86 


91 


1.9 


0 


A3 




53 


65 


75 


85 


98 


1.1 


100 


A4 




74 


92 


105 


135 


137 


1.8 


0 


A5 




18 


18 


26 


33 


34 


1.8 


0 


A6 




53 


41 


75 


105 


98 


1.7 


0 


Ml 


Mullite 


53 


65 


76 


85 


99 


1 


100 


M2 




46 


45 


65 


87 


85 


1.5 


0 


M3 




55 


62 


78 


104 


101 


1.8 


0 


SI 


Scherben 


49 


54 


70 


87 


91 


1.8 


0 



[0046] 

(BASE MATERIAL) 

An inorganic binder (feldspar, glass frit, etc.), water, and methylcellulose as an organic 
binder were added to said aggregate particles, then the mixture was blended to form a 
composition for extrusion molding, forming a honeycomb-structure extruded molding with an 
outer diameter of 30 mm 0, and having 37 cells with diameter of 2.4 mm 0. The amount of the 
inorganic binder with respect to 100 wt% of the mass of the aggregate particles was 25 wt%. The 
extruded molding was sintered in an electric oven at 1500°C to form a base material. 

[0047] 

For said base material, an evaluation was made with respect to the 50% particle size, pore 
size distribution, and mechanical strength. 

[0048] 

The 50% particle size and pore size distribution of the base material were measured using 
the mercury press-in method as follows. First of all, a specimen with a length of 25 mm from the 
end surface was cut out. A piece with 4-5 cells left on it was then cut out to form a sample for 
measurement. The sample was dipped in mercury, then mercury was pressed in. The 
accumulation volume was measured and was used to calculate the 20% pore size, 50% pore size, 
and 80% pore size. 
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[0049] 

The mechanical strength of the base material was evaluated as follows: A cylindrical 
extrusion molding prepared from the composition for molding and having dimensions of 20 mm 
0 in diameter x 100 mm in length was dried and sintered in the same way as for the base 
material. With a distance between supporting points of 80 mm, the 3-point flexural strength of 
the sintered sample was measured for evaluation. 

[0050] 

For the filter prepared by forming a filtering film on said base material, the performance 
was also evaluated. The filtering film had a laminated structure, including an intermediate layer 
and filtering layer. 

[0051] 

The intermediate layer and filtering layer were prepared using the filtering film forming 
method described in Japanese Kokai Patent Application No. Sho 61[1986]-238315. More 
specifically, as shown in Figure 2, on equipment having vacuum chamber (6), storage container 
(8), pump (7), flanges (2), (3), pipeline (10), etc., the cell inner peripheral surface side of base 
material (1), which had the interior of cells substituted with water or some other liquid, and the 
outer peripheral surface side of base material (1) were fixed in a gas-tight separated state with 
flanges (2), (3), and bolts (5). Slurry (9) in storage container (8) was then fed continuously into 
the cells of base material (1) by means of pump (7) to make contact with cell inner peripheral 
surface (12), while vacuum chamber (6) was evacuated by means of vacuum pump (13), so that 
the outer peripheral surface side of base material (1) was in a reduced pressure state. By means 
of this operation, a difference in pressure for filtering was applied between the outer peripheral 
surface side of base material (1) and the side of cell inner peripheral surface (12). Consequently, 
the slurry formed a film on cell inner peripheral surface (12) of base material (1), and the water 
-content in the slurry was exhausted as a filtrate from the outer peripheral surface side of base 
material (1). 

[0052] 

(INTERMEDIATE LAYER) 

A slurry was prepared from aggregate particles made of the same feed material as that for 
the base material having a 50% particle size (D 50 ) of 3.2 urn, inorganic binder (feldspar, glass 
frit, etc.), and water in a weight ratio of 27:3:70. After a film of slurry was formed on the inner 
peripheral surface of the cells, drying and sintering were performed to form an intermediate layer 
of film fixed on the base material. 
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[0053] 

(FILTERING LAYER) 

A slurry was prepared from aggregate particles made of the same feed material as that for 
the base material having a 50% particle size (D50) of 0.4 ^m, inorganic binder (glass frit), and 
water in a weight ratio of 9:1:90. After a film of slurry was formed on the surface of the 
intermediate layer, drying and sintering were performed to form a filtering layer fixed on the 
intermediate layer. 

[0054] 

For the filter manufactured in the above process, the fluid permeability was evaluated by 
means of the water permeating rate, and the filtering performance was evaluated by means of the 
maximum pore size of the filtering layer. The water permeation rate was evaluated as follows: 
After degassing of the cells inside the filter in water under a reduced pressure of 6.7 kPa or lower 
for 2 h, pure water was injected into the cells of the filter under a pressure difference of 4.8-9.8 
kPa and at 25°C, then it was filtered from inside the cells to the filter's outer peripheral surface 
side. The amount of water permeated per unit filtering area per unit time was measured for 
evaluation. 

[0055] 

The maximum pore size of the filtering layer was measured using the following method. 
According to the air flow method described in ASTM F316, for a filter wetted with water at a 
water temperature of 20°C, the pressure was slowly raised, while pressurized air was fed from 
the cell's inner peripheral surface. From pressure P at which the first gas bubble emerges from 
the base material's outer peripheral surface, pore size D was calculated and taken as the 
maximum pore size of the filtering layer. 

40056] 

APPLICATION EXAMPLE 1 

In Application Example 1, base materials were prepared from aggregate particles made of 
alumina particles having various proportions of spherical particles, 50% particle sizes, and 
particle size distributions. A filtering film was then formed to obtain filters. 
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[0058] 
(RESULTS) 

As listed in Table 2, in Application Examples 1-1 to 1-11, in which the proportion of the 
spherical particles among the aggregate particles and the 50% particle size are controlled to 
within the ranges defined in this invention, good results were obtained with respect to the base 
material's flexural strength, base material's water permeability, and the maximum pore size of 
the filtering layer. 

[0059] 

On the other hand, in Comparative Examples 1-1, 1-2, -14, 1-6, 1-9, and 1-14, in which 
the proportion of the spherical particles among the aggregate particles is over 80 wt%, and in 
Comparative Examples 1-7 and 1-8, in which the 50% particle size is over 100 \xm y the base 
material's flexural strength is lower than 20 MPa. That is, the flexural strength is significantly 
lower than that in the application examples. 

[0060] 

Also, in Comparative Examples 1-12 and 1-13, in which the 50% particle size is smaller 
than 40 jxm, the base material's water permeability is much lower (lower than 20 m /h * m ). In 
addition, in Comparative Examples 1-3, 1-5, and 1-15, in which the proportion of the spherical 
particles among the aggregate particles is less than 20 wt%, the maximum pore size of the 
filtering layer is too large. As a result, the fine structure inside the base material becomes non- 
uniform, and when the film is formed, slurry unevenly attaches on the base material. 

[0061] 

In Application Examples 1-1 to 1-11, in which the particle size distribution of the 
aggregate particles is within the range defined in this invention, for the pore size of the base 
-material, d 2 o is 0.75 times d 50 or larger, and d 8 o is 1 .25 times d 50 or smaller. That is, the pore size 
distribution is sharp. On the other hand, in Comparative Examples 1-10 and 1-11— in which, 
although the proportion of the spherical particles and 50% particle size meet the requirements, 
the particle size distribution is nevertheless outside the range of this invention — with respect to 
the pore size distribution of the base material, d 2 o is lower, and the pore size distribution becomes 
broader. 



3-2815 



19 



[0062] 

APPLICATION EXAMPLE 2 

In Application Example 2, in the same way as in Application Example 1, aggregate 
particles were prepared using mullite particles and Scherben particles with various aspect ratios, 
50% particle sizes, and particle size distributions. A filtering film was then formed to get filters. 
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[0064] 
(RESULTS) 

As can be seen in Table 3, in Application Examples 2-1 to 2-9, in which the proportion of 
the spherical particles among the aggregate particles and the 50% particle size are controlled to 
within the ranges defined in this invention, good results were obtained with respect to the base 
material's flexural strength, base material's water permeability, and the maximum pore size of 
the filtering layer. 

[0065] 

On the other hand, in Comparative Examples 2-1, 2-3, and 2-5, in which the proportion 
of the spherical particles among the aggregate particles is 80 wt% or more, the base material's 
flexural strength is much lower (20 MPa or lower). In Comparative Examples 2-2, 2-4, and 2-6, 
in which the proportion of the spherical particles among the aggregate particles is less than 20 
wt%, the maximum pore size of the filtering layer is too large. The fine structure inside the base 
material becomes non-uniform, and when the film is formed, slurry unevenly attaches to the base 
material. 

[0066] 

EFFECTS OF THE INVENTION 

For the base material for a honeycomb filter of this invention, the 50% particle size and 
the mass proportion of the spherical particles among the aggregate particles are controlled to 
within prescribed ranges, respectively. Consequently, the mechanical strength is high and the 
fluid permeability is also high. Also, when the particle size distribution of the aggregate particles 
is controlled to within a prescribed range, the pore size distribution of the base material is sharp. 

-BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a schematic diagram illustrating the general constitution of a honeycomb 
filter. It is an overall oblique view of the filter. 

Figure 2 is a schematic diagram illustrating an example of the film-forming equipment 
used in the filtering film-forming method. 
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BRIEF DESCRIPTION OF PART NUMBERS 

1 Porous base material 
2, 3 Flanges 

4 O-ring 

5 Bolt 

6 Vacuum chamber 

7 Slurry pump 

8 Storing container 

9 Film forming slurry 

10 Pipeline 
11,14 Valves 

12 Inner wall of through holes of porous base material 

13 Vacuum pump 
15, 16 Pressure gauges 
17 Through hole 

A Inlet port 

B Outlet port 

21 Filter 

22 Base material 

23 Cell 
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filT-e* 5 SSMfcttiF-Oit** 2 0 SS:%jg, 8 0 SS% 

*#*ra*©tt*£*#Tts; (i) &t5Tia«; (2) 

0. 7XD S0 ^D 20 - (1) 
D eo ^l. 3XD S0 - (2) 

(fiU D 2D : 2 0%&^-ft, D so : 5 0 %&-^ft, D 
so : 8 0%fifi) 

[002 9] PS©*ft£ LTIi, fllfctf r|JJR©-fc7 

©Sr-fftm^tU 2 a£l±©#$m?-4rKi* ©*«=& 

[0030] *wA<D9i8k3?mz&^xtt. mm? 

±!>KKLfct>©&«tfBLTt>&VViS, HHfcfc LfcJIDft 

TftiHWrcfcSfcft. »Wfig^P^Sr)S»i**© 
BffiWH^ 1 0«8*K*< 45Ald*3V>Tt>»* u 

[0031] *»n«4GKMiftt, tf±zmmi-m 

[0032] «F±« S #WB^-©tt, ^Si:^, 

[0 03 3] fW?4Uttt, 7vw5t, A?^ 
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[0 0 34] ftWtettHu #«tt*©«^ftS*fl:+ 

JB1-S 4*5. 9 5 sx^tt 

[0 0 3 5] MMrfttttt* i o o 

Ii%iLfc!l^i:*v^ £*ufc#U l5ft&%SA 

[0 0 3 6] *±«fM©^KffH<*U ** • 

[00 3 7] p J: 5 , mtnWBfWt (R 

j& IE**. ft#»* *AiWf) , ffiS^M (R»o» 

^3 0-200mm«) , *>l'0flMfc (R», HfcJ& 
, -feyKDrtftTLitS GI^ft2-5mm4>g 

>rXtt»fclS£Sftftv^ ft^#l*o<D±IW J l 50- 
2 0 0 OmmigOt^^ffl^H^e 
[0 0 3 8] (3) 



[0 0 3 9] #*m^^7K^o5>tfi:^+Jc^ 
^ Lfc»^IB 63-66566 #&«£Gtt0ttiBfiH 

KflcS: 1 3 o otastoKffl-ettrit-ra^o**^ «t o 
Tt5o ttu «a«o*i?L«*/hs<"rsfc*#««c 

[0040] *fc % as«ffl^?y-^ttS»t!^«^ 

esum*w±, #*y^ f^-ry/K 
i/y*r//K ^7^7yyh^fl^r^m, # 

[0 0 4 1] ft jb\ *iSKt±'>ft < 1 1> 1 
v\ 

[0 04 2] 

SftSfcircttftv*. 

[0 0 4 3] »o*»tt^fcft6-fe9Sy^llWt 

(A1-A6) , A7^fh (M1-M3) , ir/V 
-<:/ (SI) *r»BLfc. rh,bOJp^*2~3lC|2 

[0 0 4 4] ft*5. A3, Mlinoi^TIS, Hfl-fcjft 

[0 0 4 5] 
[*1] 



A1 
A2 
A3 
A4 
A5 
A6 



M1 
M2 
M3 



S1 



as 



D50X0.7 
/i m 



60 
49 
53 
74 
18 
53 



53 
46 
55 



49 



D20 
U m 



62 
55 
65 
92 
18 
41 



65 
45 
62 



54 

[ o o 4 h i mi) ±.^n mmr, hm&'iM 1 eg 



D50 
M m 



85 
70 
75 
105 
26 
75 



76 
65 
78 



70 



D80 
V m 



106 
86 
85 
135 
33 
105 



85 
87 
104 



87 



D5QX1.3 
fj m 



111 

91 

98 

137 

34 

98 



99 
85 
101 



91 



7X*'»Ut 



1.8 
1.9 
1.1 
1.8 
1.8 
1.7 



1 

1.5 
1.8 



1.8 



1.1 STIFF 



0 
0 

100 
0 
0 
0 



100 
0 
0 



0 3 0 mm N 



^2.4 mmOt/V* 3 7 
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^©Stfifc 1 0 OKS%i Lfc*g-|C*5VT, CfttC 

tf*««F-e i 5 o o t-cftrt-f* :tia9 mt&'& 
[0047] ±ES*ttt, mt<o 5 0 %^?L@soqaB 

[004 81 S#© 5 0 %»?LSXW»7LS»*»CO 
^-o±, *«ffiAi£c«oT#T©:£ffifc:£»jaij£L 

U XK-fe^4~5MI*J:5fc9II!!lLTWe«f-^ 

BEAU *©*«#«r«fr*-SrfcteJ:»>2 0%IWL 
5 0%«?LS, 8 0%*HLSfr*ttllfc. 
[00 49] S*f©8S«tt3SgK:oV *"Ctt % 
ff±£iE&* 2 Ommxfj 1 0 0 mm©RMl;Jf ffl 

.«Mt»ft5LMBI 8 0 mm b LT 3 £Alf &g©t* 

[0050] ±eSWii«iSSISr^ LT7 ■< fr9 b 

[00 5 1] *iaJBRt*KilJl©ISIIW:. ttWB 6 1 

- 2 3 8 3 1 5#&$BICf2«©«i®j£BI8:tC<k Offo 
ft. JlfttfJictt:, H2li*+«a^ir^6, RfJHf 
8, 77^2, 3, S«l 0**»fc*5« 

«c#U »5Lrt&*ft£©fc{fr?«ftLfcatfn©-fc 
/wrtHiBfllt**tl^fllffifllt«:7?^S?2, 3, tfOv- 

1*3©* 7 y - 9 •StjKvt' 7 ic ± i) mtt 1 ©ir/vrtlcgiSE 
WcSMkb-C-fcA^MBi 2»c^«*$-fr<cd5f J% 

ttl^JSHfflli-fcA'rtflBl 2 flat ©IB 
-£S*i5;fc*> S*t 1 ©•feA'rtJBB 1 2 («il±^ 5 JJ 



[0 0 5 2] (f MS) Wttb WiUftV 5 0 KIKTC 
(D so ) #3. 2 ,x m©##8t^ ffWMMf 
*7^7!) y h«) % *£2 7:3: 7 0 ©SSJtT?S 

[0053] okm) a* b nwirc 5 0 Mtt?« 

(D so ) #0. 4nm(9tmf < (#7* 
7!)yh) , M9: 1 : 9 0©K:fttfc-?21£-LT*7 

[0 0 5 4] ±E©J:5C»jfi$tifc7w/^toVN 
Ttt. ftftiett*a**KJ:9. $Siattlg&ati§Ji© 
*7c*ffl?L&t£ <fc t> fMB Lfc. S*fi(4, *"p, 6. 7 k 
PaKT©«ET"C2l«B, 7-r**rt©*ii«rJK*L 
mS.4. 8~9. 8kPa, ta*2 5"C©*fl=-e 

tfc*t*7^/u^©-tr/w^aAu •tA'ftfrbyjA'fifiy 
mmm^ m&&itzzbK.3:9m&u m®mm?sit 

9 ©«MBS fc i) ©S7KSSraiJSi-5 Z b Iz. J: 9 SMBU 

[005 5] fflii«©*7ciW5LSKo^-CI4gJlT©* 
St?aO^Lfc„ ASTM F3 1 6lC|H«©3iT7o- 

StcSfsaau *ja2 0t:©*-cspLfc7-f^{c:» 
U E733:lfe*K±#$-e:4ase>i)0JE3trSr-fe^rtliB 

HI7J P *» 6 $ *V5t*85l&D £«JiS ©fc*iW?l& i 

[0 05 6] (0SJfe«l) HJfiWl irLT, «*©5&K 

t7^WtL^^„ 
[0 0 5 7] 
[«2] 
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[0 0 5 8] G»X) * 2 lH^Lfc i 5 #tttfr?-<0 

jsw l-i-i-ii ko^ti*, m&mm&, 

[0 0 5 9] ttttt^f^tWfif* 80S* 

%ai"c*8wmi-i. 1-2, 1-4, i-6, 

1-9, 1-14, 5 0%8^i#l OO/imiB^ltifc 
fll-7, l-8^o^Tri^-fttt£»*»f^S^2 
' 0 M P a £TF fc BWfcffiT Lfe. 



e«l-12, l-13HSWS*t^20m 3 /hr 
•m 2 #Ti**fc«TLfc. JEfc, ttflft^t^SMft 
»^*2 0**%aT"C*6it«*ll-3 l 1-5, 1 

[0 0 6 1] MIC tt«W««»*#»W©« 

ifcfca^tfewi- i-i - 1 Hwo^th, 
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m%M& d 20 tf d 5O C0 0 . 7 5 fSF£Jt±, d QO fr d so o 

i. 2 sm^Tttevx&v, 

- 1 0, 1-11 HS«■^?L^*^c^V^T d 20 ^iS 

[0062] (mnM2) mmm2\t, mmmi tm® 
(cur, m*<DT*<<? bit, 5o%«b^ 
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[0 0 6 4] * 3 ic^ Lfc£ 5 \z s 
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[0 0 6 5] +0*Rtt*# 8 0 Wfi 

%K±"e*>aJt««2-i, 2-3, 2-5«cov>r« 

^*fnt£#*»fa*^2 OMPaKT^gfCfiTl 
092-2, 2-4, 2-6{;iO^Tm>r;ftfcMi§'JIO 
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[00 6 6] 

[Si] 



[St 2 ] jSiS^KSi^ffli-5ffilBKao«llSr^i-« 
[##<DKW] 

l-#5LSg*J\ 2, 3-77^ 

8-Jffl«flK 9-Mffl^7y- 1 0-Eff, 11, 

H-/^, 1 2-#?Ljfs«-ojta?Lrte, i3- 

JlStf^ 15, 16-BEAth 1 7-JHBL A- 
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